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DESCRIPTION 

AcroaTor, Tts Mamifacnrring Melhod and Printing Head 
BACKGROUND OF THE INVENTION 

1 . Fiel d of The In venri on 

5 The present invention relates to an actuator composed of a sintered body of thin 

layer having as its principal component a piezoelectric ceramic layer containing Pb, Zr 
and Ti, and a Tnaniif*muring method of the actuator, as well as a printing head mat is 
suitable for inkjet printer used in printing characters and images. 

2. Description of Related Art 

10 In recent years, as a printer outputdng information to a printing medium, the 

use of primers of Inkjet type is being rapidly expanded along with the spread of personal 
computers and the development of multimedia. 

A priming head is mourned on such an inkjer primer. As the printing head of 
this type, thermal head type and piezoelectric type arc generally known. In the thermal 

1f> head lype, by a healer disposed in an ink passage filled wilh ink, Ihe ink is heated and 
boiled to cause bubbles in the ink passage, so thai the ink is pressurized and discharged 
ihrnngh an ink ouilel. orifice. Whereas in Ihe piezneleciric lype, rhe wall of a part of an 
ink passage filled wiUi ink is bent and displaced by displacement elements, mi dial Lhu ink 
in the ink passage is mechanically pressurized and discharged ihrnngh an ink ourier 

20 orifice. 

A priming head used Tor inkjel primer of Ihe piezoelectric type is disclosed, for 
example, in Japanese Patent Unexamined Publication No. 10-1571730. ThaL is, Lhe 
printing head or Ibis Jype is, as shown in Fig. 4(a), an aoniamr 71 is provided via an 
adhesive layer 21a ou a passage member 23 in which a plurality of grooves are arranged 
25 in parallel as ink passages 23a, and partition walls 23b arc funned as a wall fur 
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partitioning the individual ink passages 23a. 

The actuator 21 is provided with a plurality of displacement elements 27 which 
are obtained by forming a common elecirode 25 on one surface of a piezoelectric layer 24 
and a plurality of separate electrodes 26 on the other surface. The actuator 21 and 
5 passage member 23 are bonded to each other such that the separate electrodes 26 are 
arranged immediately above the ink passage 23a that is an opening part of the passage 
member 23. 

Then, by applying a driving voltage from a drive circuit to between the 
common electrode 25 and the separate electrode 26, the displacement elements 27 arc 

10 vibrated and they constitute part of the ink passage 23a. Thereby, the ink in the ink 
passage 23a is pressurized and a drop of ink is discharged from an ink outlet orifice 2* 
chat is opened in the bottom surface of the passage member 23- 

In this construction, when a driving voltage is impressed to the common 
electrode 25 and separate electrode 26, although the piezoelectric layer 24 extends in the 

15 direction of plane direction d x , a portion (constraint pan) of the piezoelectric layer 24 is 
constrained which is joined to the partition walls 2^h disposer! in the periphery of the ink 
passage 23a. Therefore, a portion of the piezoelectric layer 2d which is not constrained 
(non-ccinsLrainL pari) defied* in the direction nf thickness directum d Y , and pressure is 
exerted on the ink passage 23a. so that a drop of ink is discharged through the ink outlet 

20 orifice 28 connected in communication to the ink passage 23a. 

As shown in Fig. 4(b), the printing head is formed by disposing in parallel a 
large number of separate electrodes 26 on the piezoelectric layer 24, and providing a 
large number of displacement elements 27. Independent control of the individual 
duspIueemer.L cIcmcriLs 27 eiinLribuies U» higher speed and higher accuracy nf the inkjet 

20 prinlcT. 
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Japanese Patent Unexamined Publication Nos. 11-34321 and 7-315923 disclose 
that the above-mentioned actuator can realize a piezoelectric element excellent in thermal 
resistance, durability and temperature change resistance, by using a perovskite compound 
containing, as a metal component, at least one selected from Pb, Zr, TL, Zn, Sb, Ni, Te, Sr 
5 and Ba. 

In the case of using such an actuator as the printing head of an inkjet printer, it 
is important to suppress displacement variation in the actuator. However, when a 
Sintered body is used as a piezoelectric ceramic layer, there is the problem that 
displacement variation- is large because of large variations in characteristics. As the 
10 result, due to variations in ink discharge, there occur large variations in the density of 
characteristics and images, so that contrast Is poor and high-speed printing is 
impracticable. 

In recent high-accuracy printers, there is a tendency of reducing thickness in 
order to increase displacement as an actuator. Therefore, in order to directly obtain a 

15 piezoelectric sintered body having a thickness of, for example, J 00 Aim or less, 
particularly 60 u m or less, when firing is carried out at high Temperatures of 1000*0 or 
more, Pb evaporates Jxom the surface of a molding body, thus causing a composition 
change and variations in The composition of the obTained piezoelectric sintered body. 
The use of such an actuator as the printing head of an InkJet printer suffers from the 

20 problem that displacement variation is increased to cause variations in ink discharge and 
a partial deterioration in the contrast of characters and images to be printed, thus failing 
to perform high-speed priming. 

Additionally, in order to obtain an actuator of 1 00 m m or less, if an attempt 
were made Ui use only a central part nf less composition variation by removing a surface 

25 part from which Pb has been evaporated, from a thick piezoelectric porcelain obtained hy 
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firing, it is actually difficult to cut ceramics In a small thickness of 100 » m or less. It is 
therefore difficull U. manufacture an actuator dial is composed or a thin ceramics Tree of 
composition variation. 

In cnnlrasl, when the thickness oF Ihe acutalor 7.1 is 1 00 /t m or less, there is rhe 
5 problem that the residual stress during firing and shrinkage causes deformation and the 
saxes* caused by the restraint of the partition wall 73b reduces rhe displacement amount of 

the displacement element 27. 

Additionally, since the adhesive layer 7.1 a is not controlled to a specific 
thickness, when displacement clcmcnLs 7.7N corresponding In Ihe adjacent ink passage 

10 23a cause displacement simultaneously, there Is the following problem. That is, the 
constrained portion of the piuztieleelric layer 7.4 thai must he constrained by rhe panirion 
wall 23h does not exert, snfnclenl constraining fbrce, so that rhe adjacent displacement 
clematis 27 and 27N interfere with eacli "liter, iherehy increasing displacement variation. 
This prohlcm becomes significant especially when Ihe partition wall 7.3b has a small 

ID thickness. 

SUMMARY OF THE INVENTION 

The present invention ha-s Iwen achieved by succeeding in manuracUiring 
actuators of less characteristic variations, based on a novel finding that the composition 
variation generated Trout die surface to iLs d.ickttess direction can greatly be reduced by 
20 controlling the composition ratio Pb/fTi+Zr) in piezoelectric ceramics containing Pb, Zr 
and XL 

Specifically, a first actuator of die present invention comprises basically a 
substrate and a displacement element dial is disposed on the surface of die substrain and 
composed of a piezoelectric ceramic layer and a pah" of electrodes interposing 
26 therebetween the piezoelectric ceramic layer. The entire thickness of tins uotmuur is 
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100 /im or less. The piezoelectric ceramic layer and the subsrraTe have, as Their 
principal component, a perovskiie cryslal containing al least Pb, 7s and Ti. The 
maximum difference in the composition ratio Ph/(Ti+Zr) heiween ihe surface or die 
piezoelectric ceramic layer and the inside nC ihe siihstmic is 0.02 or less. 
5 A manufacturing method of the actuator of the present invention comprises 

basically the step of preparing a Uiminaie provided with elcclrorfcs in iLs inside and 
surface by stacking green sheers having, as U& principal component, a pernvskite crystal 
containing at least Pb, Zr and Ti; and the step of firing the laminate in a high- 
concentration oxygen atmosphere. Al Ihis lime, acennling In Ihe present invention, die 
10 amount of Pb contained in The green sheets is greater than the amount of Pb 
corresponding to The sroiehiomerrie composition nr ihe perovskile crysuil. This enables 
to manufacture the above-mentioned acmaTor of The present invenrion. 

When stress is exerted on a piezoelectric elemenL or Lhin layer, its electrostatic 
capacity lowers, which induces chamcierislie vHrinLion or Lhe aeLiialor. For this, stricUy 
15 conlrolling the lattice constant ratio or the pemvskile compound and approximating the 
crystal phase of the piezoelectric ceramic layer to tetragonal can suppress a drop in 
electmsbtlic capacity even ir compressive stress is exerted. Especially when a suppurt 
member having a plurality of consuaint parts is joined and compressive stress is applied, 
an actuidor maintaining excellent piezoelectric pniperty is realized This leads lo success 
20 in providing die actuator of less composition variation even when firing is performed in a 
thickness of 100/im or less, as well as the printing head ftir Inkjet having an 
improvement in displacement variation. 

Accordingly, a second actuator or die present invention comprises basically a 
ceramic substrate and a plurality of displacement elements that arc disposed on the 
25 surface of this substrate and provided with a piezoelectric ceramic layer and a pair of 
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electrodes interposing therebetween the piezoelectric ceramic layer. The thicVne*. of 
the actuator is 100 Aim or less. The piezoelectric ceramic layer is composed of a 
pcrovsklte compound containing Pb, Zr and Ti. The. lattice constant ratio c/a or d.is 
perovskite compound is 1.013 to 1.01<S. 
5 Further, by controlling the thickness of an adhesive layer and d conslanl in an 

actuator having a thickness of 100 j.m or less, the interference between die adjacent 
displacement elements can be suppressed thereby .o provide sufficiently large amount of 
displacement and also reduce displacement variation. 

Accordingly, a third actuator of the present invention includes a substrate, a 
10 plurality of displacement elements disposed on one surface of the substrate, and a 
plurality of constraint parts bonded via an adhesive layer U. d.e od.er surface or d.e 
substrate. The displacement elements act independently so as to induce displacement at 
non-constraint parts that are nor constrained hy the constraint parts. The entire thickness 
of this actuator is 1 00 n m or less, d constant is 200 pm/V or more, and d.e thickness or 

15 the adhesive layer is 0.5 v m to 5 u m . 

Thus, the thickness of the adhesive layer and d constant ate controlled in the 
actuator having a thickness of 1 00 n m or loss. 1 1 is dterefore possible to prevent the 
interfemnc* between the adjacent displacement dements and also suppress displacement 
variation of the actuator. Snnh interference car. I« suppressed more effectively by 
20 controlling the ratio of the partition wall d.ickness to (he substrate thickness. 

The printing head of the present invention includes a passage member having a 
plnmliry of ink passages and d.e above-mentioned actuator provided with a plurality of 
displacement elements disposed on the passage mwita. The displacement elements 
are Incatcd immediately above an ink passage and the ink charged in the ink passage is 
25 discharged by (he displacement of d.e displacement elements. This enables to suppress 
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variations in the amount of a drop of ink and in discharge velocity, thereby realizing 
high-speed and high-accuracy ink discharge. 

BRIEF DESOOPTION OF THE DRAWINGS 
Fig. 1(a) is a schematic sectional view of an acmaTor according to The present 
5 invention, and Fig. 1 (b) is its plan view, 

Fig. 2(a) is a schematic sectional view of a printing head according to the 
present invention, and Fig. 2(h) is a .schematic sectional view showing the state That 
displacement elements arc displaced; 

Fig. 3(a) is a schematic sectional view in the case that a constraint part is 
10 provided in an actuator, and Fig. 3 (b) is its plan view, and 

Fig. 4(a) is a schematic sectional view of a conventional printing head, and Fig. 
4(h) is its schematic plan view. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
<First Preferred Embodiment^ 
15 as shown in Fig. 1 (a), an actuator of The present invention is provided with a 

plurality of displacement elements 7 on the surface or a ceramic substrate 2. The 
displacement elemeriL 7 comprises a common electrode 5 disposed on the ceramic 
substrate 2, a piezoelectric ceramic layer 4 disposed on the common electrode 5, and 
separate dcclrodes 6 disposed on rhe piezoelectric ceramic layer 4. That is, the 
20 displacement element 7 is constructed such thai, ihe common electrode 5 and separate 
electrodes 6 interpose thcrehcLween the piezoelectric layer 4, and the common electrode 5 
is disposed on die ceramic substrate 2. 

The plurality 11 r the displacement elemems 7 are disposed on the ceramic 
substrate 2. As shown in Fig. 1(b), die separate electrodes 6 are arranged at equally 
25 spaced intervals and in two-dimension, and ihey are independently connected tn external 
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electronic-controlled circuits, respectively. Voltage impression to each pair of 
electrodes can cause displacement in a part of the piezoelectric ceramic layer 4, which is 
interposed between the voltage-impressed common electrode 5 and separate electrode 6. 

It is important flint the piezoelectric ceramic layer 4 constituting the 
5 displacement element 7 has, as its principal component, a perovskite crystal containing at 
least Pb, Zr and Ti. For example, this crystal contains Pb as a constituent element at site 
A, and contains Zr and Ti as a constituent element at site B. Such a composition 
permits a piezoelectric ceramic layer having a high piezoelectric constant. • 

As a specific example of the above-mentioned perovskite crystal, FbZrTiO.can 
10 be illustrated. Alternatively, other oxide may be mixed therein. Further, as a sub- 
component, other element may be substituted for site A and/or site B. as long as no 
characteristics is affected. For example, as a sub-component, Zn, Sb, Ni and Te may be 
added ro obtain solid solution of Pb(Zn lo Sb^O, and Pb(Ni ,„ Te,„)0,. 

In accordance with the present invention, it is desirable to former contain an 
In nivalin* earth element as a constituent clement at site A in the above-mentioned 
perovskite crystal. Kxamples of alkaline earth element are Ba. Sr, Ca, etc. Particularly, 
Ra and Sr are preferable in the point of obtaining large displacement. This improves 
relative dielectric cimslanL Ihcrehy In exhihil. a sdll higher piezoelectric constant. 

As a specific example, there is a compound expressed by Pb w . 
20 ,Sr. B a,(Zn ia Sh I( ,).(Ni MI TW*uHA - «™ % ***** (0^0.14, OtyZ 
0.14,0.05^a^0.1,0.02^b2:0.01,0.442:c2:u.SO, o = 0.1 to 1.0). 

Tl is also possible In use other perovskite crystal containing Pb, Zr and Ti, such 
as lead magnesium niobium oxide (PMN) and lead nickel niobium oxide (PNN). 

The ceramic substrate 2 .should he ofhigh insulaling property. Tt is preferably 
25 a piezoelectric element, especially having an approximately the same thermal expansion 
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rate as the piezoelectric ceramic layer 4. In addition, the ceramic substrate is preferably 
a piezoelectric element and has approximately ihe same composition as the piezoelectric 
ceramic layer 4. This permits simultaneous firing and it is easy to avoid that warp and 
strain are caused by the thermal stress that occurs during firing due to a difference in 

5 thermal expansion. 

Although the ceramic substrate 2 may be a single layer, it is preferably a 
laminate in order lo control thickness and suppress the composition variation and 
characteristic variation after sintering. 

For the actuator of the present invention, it is important that the maximum 
10 difference between Pb/<Ti+Zr) ratio in the surface of the piezoelectric ceramic layer 4 
and Pb/(Ti+Zr) ratio in the inside of the substrate 2 is suppressed to 0.02 or less. When 
the maximum difference is greater than 0.02, the composition drift of the surface part 
may cause characteristic variation in the displacement element 7. 

When the actuator having the composition so controlled is applied to the 
15 printing head of an Inkjet printer of piezoelectric type, ink discharge variation can be 
stressed to permit a considerable contribution to an improvement in printer 
characteristics such as print speed and contrast. 

Tn accordance with ihe present invention, a single separate electrode 6 may be 
provided, however, it is preferable to dispose a pliirality of separate electrodes 6 in order 
20 Ui increase print speed and prinl accuracy. 

As the material of the common electrode 5 and separate electrode 6, any 
cnnducLive material m;.y he. used. For example, Au, Ag, Pd. Pt, Cu, Al, or alternatively 
their alloys can be used. The common electrode 5 and separate electrode 6 are also 
required Ui have, such a thickness as ro secure conductivity and not to inhibit 
25 displaccmcuL Preferred thickness is approximately 0.5 to 5 n m, particularly, 1 to 3 ;i 
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m. 

The rcalure Chut thickness T of The acuiator of the present invention is 100 ji m 
nr less is impnriHTir to obtain large displacement and satisfactorily exhibit the actuator 
chamca*islics. Thickness T is especially SO n m or less, preferably 65 u m or less, more 
n Tireferably 50 ju m or less. Here, thickness T of the actuator indicates the total thickness 
uf die substrain 2 and displacement element 7. A lower limit value of thickness T of the 
actuator Is 3 u m, especially 5 /./■ m, preferably 10 n m, more preferably 20 u m, in order to 
hold sufficient mechanical strength and prevent breakdown during handling and 
operation. 

•j o The porosity of the displacement element 7 is 1% or less, preferably 0.5 % or 

less. The strength of the acuiHinr 1 increases by reducing the porosity. When used as 
an Inkjet printing head, ink leak due to ink soak into porcelain can be suppressed 
effectively. 

When the acLuaUir tif Lhu pthswtu invention is used as ihe. printing head of an 
15 hugct printer, for example, d 31 uiude is usable as a piewelecrric strain constant. In order 
to exhibit sullieienl uncharge capability as the printine head or the Inkjet printer and also 
realize high-speed and accurate priming d 3l is preferably 200 pm/V or more, particularly 
225 pm/V or more, more preferably 250 pm/V or mure. 

The following is a manufacturing meihod of an actuator according to the 
20 present invention, taking as a specific example die case dial PhZrTi0 3 perovskitc crystal 
is applied to the printing head i>rari inkjet printer. 

First, PbsOs, ZrO a , TIO a , BaCO a , ZnO, SrCO,, St^O,, NiO, TcO z are prepared 
as raw material powder. These are adjusted In a composition to which Pb is added so as 
to be greater than the amount of Pb corresponding to die stoichiometric composition of 
25 the perovskitc crystal, followed by mixing. Especially, adjustment of the amount of Pb 
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to 1 to 5 wt. % excess, particularly 2 to 4 wt % excess to the above stoichiometric 
composition, is preferable in order to reduce characteristic variation and exhibit excellent 

piezoelectric property. 

By a normal tape molding process such as roll corner process and slit coater 
5 process, the obtained mixed powder is molded in a tape consisting of a piezoelectric 
ceramic layer and an organic composition, and a green sheet is prepared. Since the 
content of Pb in this green sheet is greater than the amount of Pb corresponding to the 
stoichiometric composition of the pemvskite crystal, the composition variation in the 
porcelain after being subject to firing can be reduced considerably. This is important to 
10 obtain tbe actuator of the present invention. 

A common electrode and separate elecu-odes are formed by printing etc. on the 
surfhee of a part of the green sheet. Additionally, as desired, a via hole is formed in a 
parr of the green sheet, and a via conductor is inserted into the inside of the via hole. 

Subsequently, a desired green sheet is stacked to prepare a laminate. Further, 
15 a constraint sheet, which is obtained by adding an organic composition into a 
composition substantially the same as me e rccn sheet, is disposed on both or one snrft.ee 
of the laminate, and then pressurized and tightened. 

The piussurivrtl Hntl tightened lamina!* is placed in the inside of a Win and 
fired at a firing temperature of 5>0(tfC or mom, particularly 950 to 1 100TC, under high- 
20 concentration oxygen atmosphere. This avoids that due to .he evaporation of Pb In the 
lamina.e, .he composition becomes a deficiency of Pb than the above-mentioned 
perovskile composition, thereby ublaining a picy.oelcclric ceramics lhat is 0.07. or less in 
Ihc maximum difference ofenmposirion ratio Pb/(Ti+Zr) ratio. 

It is desirable U.aL ti.e density of the green sbeot .tiler heing pressurized and 
25 tiehteued is A3. gA;...* or more, particularly 4.5 g/um' or more, in order mat the 
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evaporation of Pb from the inside is reduced to further facilitate the suppression of the 

composition variation in Ph. 

It is also desirable that the oxygen concentration in the oxygen atmosphere 
during firing is 9» % nr more, parrlra.lariy 99 % or more. This produces the effect of 
5 suppressing the decomposition of lead oxide and further reducing the amount of 
evaporation of Pb, and suppressing composition variation, resulting in a smaller 
displacement variation as an actuaior. 

The actuator so manufactured is composed of a piezoelectric porcelain of 100 
„ „ or less that is free of composition variation. It is also easy to suppress 
10 displacement variation to 10% or less. This actuaior can suitably serve as an actuator 
used for the printing heart nfan inkjet primer. 

A. printing head of the present invention includes a passage member and the 
above-mentioned actuator disposed on the passage member, in which the ink charged in 
an ink passage provided in the passage member is discharged by the displacement of the 
! a above-mentioned rtisplacemenl elements consrimriog the above-mentioned actuator. 

An example of the printing head of the present invention will be described by 
using Fig- 2(a)- A passage member 11 having such a structure that ink passages 13a, 
which are a plurality of grooves are partitioned by partition walla 13b, is bonded to the 
aauuutr 1 1 of the present invention. Tha, is. a substrate 12 is bonded with adhesive to 
20 the surface of d.«= passage member 1 3, and a plurality of displacement elements 17 are 
disposed on die subslrau: 12. Portions joined to the displacement elements 17 on me 
substrate 12 are disposed so as U, overlap with the ink passages 1 3a that are opening parts 

uf the passage member 13. 

The displacement eleiuenl 17 lias such a. structure dial the common electrode 15 
25 is formed on one inaiu surface of d.e piezoelectric ceramic layer 14 and separate 
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electrodes 1 6 are formed on the other main surface, and a pair of the electrodes 1 5 and 1 6 
interpose therebetween the piezoelectric ceramic layer 14. 

The common electrode 15 and separate electrode 16 of the displacement 
element 17 Is electrically connected to an external drive circuit. When voltage is 
5 impressed through me drive circuit to between the common electrode 15 and separate 
electrode 16, as shown in Fig. 2(b), the ink in the ink passage 13a, which corresponds to 
the displacement element 1 7 that is displaced by the impression of voltage, is pressurized 
and a drop of ink is discharged through an ink outlet orifice 18 that is opened in one end 
surface of the passagejnember 13. 
10 As shown in Fig. 4(b), the printing head of the present invention is provided 

with a plurality of displacement elements arranged on the substrate, and the individual 
displacement elements are controlled independently to cause individual displacement. 

The employment oF Ihis consmicrinn provides a stably high-speed and high- 
accuracy discharge, thus leading to a printing head suitable for printer realizing images of 
1 5 high contrast, al high speed. 

<Second Preferred TCmhndlmeno 

The elTecl nr the present invenrion can sufficiently be exhibited especially 
when the actuator 1 of die present iiiveniioii as shown in Figs. 1(a) and 1(h) has such a 
structure thai, on Lite surface on the opposite side of Ihe surface of the ceramic substrate 2 
20 on which die displacement elements 7 are disposed, a constraint pan composed of metal 
i.s disposed via an adhesive layer so as to cause displacement In a non-consrraint part. 
TUat is, since die constraint parL composed nfmelal is disposed via the adhesive layer 
composed or metal, compression stress is exerred on the piezoelectric ceramic layer 4, 
and displacement occurs in the non-constiainl pari. 
25 Concretely, as shown in Fig. 3(a), a support member 3 is fixed Lo Ihe ceramic 
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substrate 2 of the actuator of the present Invention. Non-constraint part 8a (free 
vibmrion part) located at the opening part of a gmtm, anil a cimstminl part *h (fixen 
part) formed by joining are formed on the surface of the ceramic substrate 2 Joined to the 
support member V When voltage is impressed between the common electrode 5 and 
5 separate electrode 6, the displacement of the piezoelectric ceramic layer 4 causes the 
displacement of the displacement element 7. so that vibration occurs at the non-constraint 
pan Rb. This structure enables to make full use of the feature of the actuator causing 
large displacement. 

Tt is important that the piezoelectric ceramic layer 4 constituting the 
10 displacement clement 7 has, as its principal component, a perovsldte crystal containing at 
least Ph. Zr ami Ti. For example, iWs crystal preferably contains Pb as a constituent 
element ar sire A, and contains Zr and Ti as a constituent element at site B, especially a 
lead /.ircouale tilanale-based eompnund, in order U, obtain a siahle pte,.neleclric sintered 
hotly having a higher d cnnslanl. 
15 Further, the arnive-mentuincd picviiclcclric ceramic layer preferably contains at 

least one of Sr. Ba. Ni. Sb, Nb, Zn and Te. This enables to obtain a more stable 
piezoelectric sintered body. For example, .solid solution or PbCZn^Sb^O, and 
PbCNi^Tc.yJOj is employed as a sub-composition. 

Il is especially preferred to further contain an alkaline earth element as a 
20 constituent clement at site A. As an alkaline earth element, Ba and Sr are especially 
preferred in the point or oblaininu lar^e displacement Ti is especially advantageous to 
contain Ba in an amount of 0.02 to 0.08 mol, and Sr in an amount «r0.02 to 0.12 mol, for 
obtaining large displacement particularly when Letragonum composition is the principal 
composition. 

26 For example, the amount of Pb is added in 1 to 5 v/L % excess to a compound 
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expressed by Pb l . M Sr x B ay (Zn lo Sb lo ),CNi ia Tc )/l ) b Zr I ^Ti c O s -H « wt. % Pb^NbO, (0% 

x ao.i4 f oiyiaw.ao5fciiJ:o.i.oi«fehfcaoi.«M4* B *oJO. «-o.i io i.o>. 

When a molding body in which Pb is adjusted to sroicMnmelric arnipnaitiim is 
fired at 1000<C for two hours, Pb is completely evaporated as PhO, and the drift of 
5 composition in the surface part occurs. This causes drift in the composition of the 
surface pan, so that the characteristics of displacement elements is liable lo deteriorate 
and characteristic variation is liable to occur. Tt is preferred that Ph is added in excess of 
the stoichiometric composition, especially that the excess ratio at site A is 1 .005 to 1 .04, 
particularly 1.01 to 4,0*. This facilities in suppress Ihe Ph/(Ti+Zr) ratio in die 
10 thickness direction of the displacement clement 7 is 0.02 or less, thus further reducing 
composition variation. 

Here, the "excess ratio at site A (A/B ratio)" is obtained by the sum of the tool 
numbers of Ihc entire component at site A is divided by .he sum or Ihe mol numbers of 
,he entire composition a. she B. T. means lha. while A/B ratio is 1 in stoichiometric 
lfi pcrov.skile oxide. Pb end other element arc added i.iU. site A in an amount greater than 
that. This is the state that A/B ratio is greater lhan 1. 

The pcrovskile compound constituting the piezoelectric layer 4 normally hits 
two types of crystal forms, which are generally present in a mixture or rhombus and 
tetragonal. Tn order lo increase piezoelectric property, it is prercrrcd U. employ a 
20 composition phase forming a boundary between rhombus and tetragonal. However, 
when an actuator Imving a thickness T or 100/1 m or less is fired, Ph is evaporated to 
change the composition or piezoelectric element extending from the actuator surface to 
its iuside, resulting in property deterioration, tr. contrast, according U» the present, 
invention, excellent property can be maintained, and property deterioration can be 
25 suppressed even under stress environment by controlling lattice constant ratio c/a, and 
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mixing two types of crystal forms at a specific ratio. 

That is, iL is important dial die lattice constant ratio c/u of die pemvskile 
compound of the piezoelectric ceramic layer 4 is set U> 1 .0 13 Ui 1 .01 6. This enables to 
bring Llie principal element or die perovskite compound into tetragonal composition. 
5 For obtaining fairly sinble piezoelectric properly, rhe lattice constant ratio c/a is 1 .0135 to 
1.0155, preferably 1.014 lo 1.015. 

The feature that the thickness of the displacement clement 7 is 100/x m or less 
is important Tor obtaining large displacement. Especially 80 xi m or less, preferably 65 
/x m ur less, mure preferably 50;/ m or less is preferred to increase displacement. ■ Irs 
1 0 lower limit value is 3 /x m, preferably 5 1* m, more preferably 10 xi m, in consideration of 
sufficient mechanical strength (hat is required Ui prevent breakdown during 
manufacturing and opera linn. 

The ceramic substrate 2 should be of high insulating property, preferably a 
piezoelectric element, especially having approximately Ihe same thermal expansion rate 
15 as die piezoelecuic ceramic layer 4. In addition, die ceramic substrate is preferably a 
piezoelectric clement and has approximately the same composition as the piezoelectric 
ceramic layer 4. This permits simultaneous firing, and it is easy Ui avoid that warp and 
strain arc caused by the thermal stress that occurs during firing due to a difference in 
thermal expansion. 

20 Although the ceramic substrate 2 may be a single layer, it is preferably a 

l amina te in order to coiiuol Uiickness and suppress the composition variation and 
characteristic variation after sintering. 

The piezoelectric Strain constant suitable Tor die printing head of an inkjei 
printer is, for example, dg,. In order to exhibit sufficient discliarge capability as die 

25 printing head of the inkjet printer, the magnitude of d„ is required to be 200 pm/V or 
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more. When it is lower than 200 pm/V, There is no sufficient discharge capability, 
Failing to use as Ihe inkjeL printing bead, fur obtaining high-speed and high-accuracy 
priming, tt is more preferred thai d 51 is 250 pm/V or more. 

The elastic compliance of ihc actualxir is 1 4.0X10-" rn'/K or less, preferably 
5 13.5 X l<T a m 3 /N or less, more preferably 13.0X1 0"" m 7 /N or less. This fecililaies in 
siippress a drop in clcctmslalic capacity In the stress thai occurs after die actuator is 
bonded to the support member. 

f 

The porosiry of rhe displacement elemeni 7 is 1% ot less, preferably 0.8 % or 
less, mnre preferably JD.5% or less. This enables Ui efTectively prevent soak nC liquid 
10 such as ink, thereby reducing ink leak. 

As the material of the common electrude 5 and separate eleclrode 6, any 
conductive material may he used. For example, Au, Ag, Pd, Pi, Cu, Al, or alternatively 
dieir alloys can be used. The elecln>des are required to liave such a drickriess as to 
secure conductivity and nut lo inhihii displacement. It is generally appmximaiely 0.5 lo 
15 5 ji in, preferably 1 lo 4 \l rn. 

The employment of Ihis consirucdon permils lo independently and 
satisfactorily control the magnitude of displacement in die individual displacement 
elements 7 of the actuator. Therefore, the discharge amount of ink can be controlled 
accurately. This permits high-accuracy alignment and therefore provides a high-quality 
20 Inkjet printing head causing less irregular discharge. 

The following is a manufacturing method of the actuator or diis preferred 
embodiment, taking as a specific example die case that a PbZrTiO> perovskile crystal is 
applied to Hie printing head of an iukjet printer. 

First, PbaO,. Zr0 2 , Ti0 2 , BaC0 3 , ZnO, SrCO s , St^A. NiCX Tc0 2 arc prepared 
25 as raw material powder. These arc adjusted to a composition to which Pb is added so as 
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ui he greater than the amount ciPPb cfmrspnuding in ihe stoichiometric composition of 
die perovskile crystal, followed by mixing. Especially faim Ihe viewpoint of 
mainlining excellent pieyaielcclric property, ii is prererred to adjust the excess ratio at 
Silts A to 1.005 to 1.04, particularly 1.01 Ui 1.03. 
5 Ry H normal lape molding process such as roll coatcr process and slit coater 

process, Uie obtained mixed powder is molded in a rape consisting of piezoelectric 
ceramics and an organic composition, and a green sheet is prepared. 

A common electrode and separate elecrrodes are formed by printing method etc. 
on die surface of a part of the green sheet. Additionally, as desired, a via hole is formed 

10 in a part of the i^reeu sheer, and a via conductor is inserted into ihe inside of the via hole. 

Subsequently, a desired green sheet is slacked in prepare a laminate. Further, 
a cuuslraiiit slieel, which is composed nF picwJecrric ceramics and an organic 
composition that have substantially the same composition as the green sheer, is disposed 
on both or one surface of die laminalu, and Ihen pressurized and tightened. 

15 The l aminat e after pressuri*atiun and tightening is placed in The inside of a kiln 

and fired at a firing tcmperdlure of 900*C or more, particularly 950 to HOOT., under 
high-concentration oxygen atmosphere. This avoids that due In the evaporation of Pb in 
the l aminat e, die composition becomes a deficieucy or Pb dian the above-mentioned 
perovskitc composition, thereby obtaining a piezoelectric sintered body rhaT is 0.02 or 

20 less in the variations of composition ratio Pb/(Ti+Zi) ratio. 

The firing is preferably carried out in an oxygen armosphere. From the 
viewpoint of suppressing the evaporation or Pb and reducing density variation, the 
oxygen concentration is 80 % or more, particularly 90 % or more, preferably 95 % or 
more, more preferably 98 % or more. 

26 As shown in Firs. 2(a) and 2(b), in the printing head of this preferred 
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embodiment, an actuator 1 1 is bonded to a passage member 1 3. Since this printing head 
has high-speed and mgh^curacy ink discharge performance, k is suitable for use in 
high-speed printing. This pdM embodiment is olherwi* similar to the forgoing 
embodiment. 
5 <Tbird Preferred Embodiment* 

An actuator 1 oFa iWnl.nrefcrml emln.di.net is, as shown in Fig. 3(a), a 
substme 2 « S Jom«l m a support member 3. andthe substrate 2 and support member 3 arc 
provided integrally via an adhesive layer 1 a. A pi^eiecU-ic layer 4 is disposed on the 
surface of .he snbsLmu:^* common eiceLn.de 5 is formed between the substrate 2 and 
10 piezoelectric layer 4. and a separate electrode A is disposed on d« surface of d.e 
pleroeleerric layer 4. The common electn.de 5 and separate eleeuode 6 interpose 
therebetween the piezneleclric layer 4. 

U is preferred, as shown in Fig. 3(b), to arrange a large number of separate 
electrodes 6 no the piu^clecLric layer 4 at equally spaced intervals and in parallel to each 
IIS «U«*-. and lo provide a large number of displacement elements 7. In the application of 
the actuator having this structure Lo a printing head, independent control of Lhe individual 
disp.acen.enL Cement, 7 contributes to higher speed and higher accuracy of h*iet 
printers. 

The separate electrodes 6 are connected independently to external electronic 
20 controlled circuits, respectively. When voltage is impressed between the separate 
elecut.de 6 and con.n.oo eleeuode 5, there occurs displacement at a portion of the 
piczoclcctae layer 4. which is interposed between the voltage-impressed common 
electrode 5 and separate electrode 6. 

Since the substrate 2 is partially fixed by a partition wall 3b of the support 
25 member 3, the main surface of the substrate 2 joined to the support member 3 is 
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cmwtmcUxl by a constraint part «a thai is fanned by joint and fixed, and a non-constraint 
part 8b that is located at the opening part of a groove 3a. so that it can be vibrated at the 

nuri-cuiLslraiiit pari 8b. 

Preferably, the piezoelectric layer 4 constituting the displacement elements 7 
„ has a pot.vskiU: nx.de as ks principal compomnu, and contains Ph as a rnnslilnenl 
c1e.ue.il ut site A, and contains Zr and Ti as a constituent element at site B. More 
prcfcrdbly. the piuzoelcelric layer 4 has solid solution of P^ZnwSb^O, and 
Pb(Ni .flTe^Oj, as ils sub-componenL 

For example, piezoelectric ceramics laving a lead zimonate tilauute-baaed 
10 con,ponr.d as iLs principal component is usable. Wichnnt lin»lm B In this, any ma.erial 
having piezoelecuic property .nay be used. The constituent of above-mentioned 
displacement elements is preferably high in piey-ueleclric strain constant d,,. 

It is especially desirable to further contain an alkaline earth element as a 
constituent clement at site A in Ihe perovskite oxide. Examples of alkaline earth 
15 element are Da, Sr. Ca. etc. Particnlarly. Ba and Sr are prefctxed for obtaining large 
displacement. 

Concretely, it is desirable to use a piezoelectric porcelain composition 
expressed by I^^rJto/Zn w Sb w ).(Ni Ml Te la ) b Zr I . b .ri.0,+ " wt. % Pb*KbQ, (OS 
xfe0.14, 0*Sy^0.14, O.OSSa^O.l. 0.002=Sb2£0.01, 0.44Sc£0.50, ex- 0.1 to 1.0). 

20 It is important that the entire thickness T of the actuator of the present invention 

is 100 u. m or less, in order to attain higher performance, miniaturization and lower power 
consumption (lower voltage) by a large amount of displacement. Its lower limit value is 
especially 5«m, preferably 10 nm. more preferably 20 nm. in order to have practical 
mechanical strength end withstand voltage strength. Its upper limit value is particnlarly 

26 80 * m, preferably 60 p m. more preferably 45 n m, in order to increase displacement 
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The sHKstote 2 and picy.oeleciric layer 4 have porosity of 1% or less, preferably 
0.8 % or less. Puru.it, greater than 1% is Stable because the,* is the possibility of 
,„V leak due u, ink soak when used as a., inkjet printing head. It is also unsuitable from 

llic viewijoiul of porcelain strength. 
5 As .he maim-Hl «r U.e co.noion electrode 5 and separate electrode 6, any 

conductive manorial may be used. For example, Au, Afc Pd, Pt, Cu. M. or alternatively 
xheir alloys can be used. The ctouodc 5 and separate electrode 6 are also required to 
have such a uricknuss as U, secure conductivity and not to inhibit displacement. 

Preferred thickness is 1 . uj5j* ml 
! o In accordance wid, d.e present invention, it is important lhat d constant of the 

displacement elements 7 «rU« actuator 1 is 200 pm/V or more. When d constant is less 
than 200 pm/V. d.e amount of discharge as Inkjet is lowered. It is especially preferable 
that d constant is 220 pm/V or more, further 250 pm/V or more, in order to stabilize 
discharge performance. 

15 It is required to prevent abnormal deformation of the displacement elements 7 

iu the constraint part 8a when they arc deformed. It is therefore important to set 
thickness t of an adhesive layer la to 0.5 to 5 u m. Especially for reducing the 
interference between the adjacent displacement elements 7. it is preferred to set the upper 
limit of thickness t of the adhesive layer la to 4 u m, further 3 a m. more suitably 2 u m. 

20 most suitably I u tn. 

In the presence of a large pore in the inside of the adhesive layer la. the amount 
of displacement of the displacement element 7 might be increased at the constraint part 
8a at which such a large pore is present. This might increase the interference between 
the adjacent displacement elements 7. In order to prevent this, the maximum pore 

25 diameter of the pores in the inside of the adhesive layer la is preferably 10 * m or less. 
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particularly 7 ju m or less, further 5 *i m or less. 

Fven when the adhesive layer la has a small tiuckness U U.e adhesive layer la 
ispre.ren.bly Ibrmcd uniformly over the entire surface ofa joining surface, and also holds 
such a bonding slrengd. dial is sulTiciem to widustand vibration. 
5 The. »M. « m»y he a single layer or limrinaled ramies. T. is especially 

preferred Oral dm substrate 2 is composed of a pie^electric layer 4 having Manually 
the same composition and approximately the same shape as the piezoelectric layer 4. 
In rhe ease tad .he suhsKHtu 2 and pi^lec.ric layer 4 are of (he same composition and 
d, B same shape, it is easy U. eontn,. .he shrinkage dimension during firing. This 
10 improves mass production and conrribmes to lower cost. 

The ti.ickness or the substrate 2 may be set U, any value, for example, 10 U, 80 
„m, preferably IS In 70/xm, more preferably 20 In SOnm. This is .« The 

niiniuLurr/aUuii ofinlycLs. 

The Mowing is a mannlhcutring meth.nl of an ac.ua.or for inkjer printing h^d. 

If, First, piezoelectric powder raw material such as PCT is molded by a known molding 
process. For obtain^ a uniform Ann layer porcelain, it is especially Preferred to mold 
a tape composed of piezoelectric ceramics and au organic composition by a nonual tape 
molding process such as roll coater process and slit coatcr process. 

In order to Tor... electrodes at desired locations on d.e obtained green sheet 
20 surface a conductive paste is applied by printing method or me like. As desired, via 
electrodes electrically connecting d.ese electrodes and external electronic eireuius are 
formed. Thereafter, the green sheet is stacked in a desired contraction and d.en 
pressurized and tiehtcned to form a laminate. 

A constraint sheet is spread over the upper and lower surfaces of this laminate, 
25 and these are fired simultaneously to obtain a sintered body. Sand blast and ultrasonic 
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sheets, rherehy nhlainin B Hti acuialor suhslnaE. 

Septate decides are fcrm* on ,he s,n-racc of fl. I— > - ■ 

s „ppon — r is ft- hoiulctl U, ft. P— The hondin, is p— • 

in which the Temperature of epoxy resin is 80 in 1 MAC. 

AI *c time of hondin,, it is prefer** to perform pre^^on in order to 
avold to the Adhesive layer becomes thic*. For example, p— — P~ * 
p^. As maVin, a ,hio adhesive layer, the viscosi* of adhesive, 

,n sel .he viscosity lo 1 00 lo ?-00 psi, for example 

Tn addhlon, in order to avoid pores remainin, in the adhesive inyer. the 
«here for perron hondm* is prereramy - d. - -T — 

p^re. Conchy, hondin g is prafcrabiy performed in a decree T— of 
„ „ rl ^P— yi^or^r^riOO.or,., To *— - 
adh esive is also effecdve it, prevent one re— g pores, at* it ts preferred to 

^ e d* reduced ^— - - viscosity «■ — ~' * ^ " 

adhesive and the method of bonding. 

Fllrtl ,ennore. in order lo increase Hondin. siren*!, H I- P"—» » eican fte 
20 Joaaag ^ W» hooding, and perfor U . * — *• 

oxi de iaycr and decomposed iayer. AM* ftc — * f «— **— " 
material, it is aupruxhuaisly 10 u.u lo 20 .u... 

ihr adhesive layer thickness in ihe range 
The actuator so prepared can control Ihe adhesive iay 

rf „ » . « - — — * * • » » - 1 " 200 P "" V " 

,3 _ TM ,^ te »^»^»«-»'««* te *^"" > "' 0r 
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when the ,.ppon member is joined thereto, while causing less 
displacement even when the suppo 

The pHn,n B W of fro ntuscnC invent is, as shown m ^ *-> ^ 
5 passaS e mem*. 1, having a P-Htv - - — * Between the c^on 

lmp _d „ - *e — — "J — 

— V,y*r , 4, so ,ha, in* is *»* - « — — ^ 

" .n^P^is^nn^.^^-^--^^ 

1 1 „ ^mn as the ioining surface between the 
10 Thew ro. Thickness t of the adhesive layer Ua serving as the j 

«U-nr and support member is pnriMNy 0.5 .„ 3 f . m. 

ft fc .so pre-H. .ha, ,ba maxima diameter o, pores contained « the 

adhesive layer „.*,., — «- ™ — " — ^" ^ " 
to described above. * — — — ~ fe " ™'"" - ™: 

r« - — - <- - - - — * ™~ ~ k Ta 

25 that at least, the majumttui dlffctatics in — - - ««• 
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helwccn 0. surface o, me nie^eefcic cemndc layer and the inside of the substrate I. 
0 02 or less; GO the Purred cubodimcut d* d.e luUice — radn c/a of a 
^ eumpound PH. » - Ti is ,.01, m 1-016; aud (,«) *. preferred 

embodiment the. individual displaced etea*,,* arc hp— I — " 

B ..m.-coastmint ^ not cor— by a — , part bonded via an adhesive layer to 
* e od.er surface of d,e suKs.aU, d — L is 200 nrn/V or ^, and the thickness of 

Ihe adhesive layer is 0.5 to 5 a nu 

AddiUoually. many other variadons and modifications and other uses will 
heconte apparent to drilled in u,e art. Therefore. One present invention Is to be 
10 limited not by d. specific disclose herein b,, only by the appended claims- 

The following tuples illustrate the manner in which .he present invention 
« be practiced. It is uiulersUx.d, however. Ota, the ev.mp.es ate for the purpose of 
mustranon and the invention is uOt Co be redded a-s limited m a„y of the specie 
materials or condidou Uierein. 

EXAMTL.K 1 

Each of raw material powder of Pb a O a . ZrO,. TiO Jt BuCO„ ZnO. SrCO,, Sb^, 
NiO and TeO, which were high purity as raw material powder, was weighed in a 
predetermined amount such that a sintered body became a composition expressed by Pb, 

v ^ • t- \ 7 -no fx-0 04 y-0.02, a-0.075, b=0.9S»5, and 
^r,Da y (Zn w Sb M ).CNi ia Tc^wTiA (* » 

20 c=042) To this composition, excess Pb was added iti an amount indicated in Table 1 

The prepared powder was mixed in wet process with a ball mill for 20 hours. 
Thereafter, the mixture was dewatered and dried. Tins was then calcined ar fftflC for 
three hours. The obtained calcined matter was crushed twice in wet process with a ball 
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mill. 

Subsequently, an organic binder, water, dispell and plasdeizer were added 
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known roll coaler process. 

flic obtained *~n sheet was then « out In a MP*- shape by usm 8 . 

mold and a plurality of rectangular *~ P ■ — <* * " 

clccxode and sepunUu decides were applied U, each of 0. rec^ sheet surface by 
screen-printinu wiU, use ofan electnale pas* emptied of A B -Pd. 

NCX, d,e green sheet U, which the eiectrudes wen: applied and the *o=n she* 
10 u. whieb no e1ecna.es were appliad. we* -ad- so . * obtain the struoure shown in 
Fie 1( a) a*d Iflfc— * such** apWity ofdiap.aee.nente.e.ne.a.s we. formed on 
* c substrate This was 0- prcurfced whl.e head,,,, d.ereby preparing , 1— 

actuator molding body. 

Finally, *Oer this mohliug body was dcbmdcrud at 400^, nrin B was ea^ed « 
15 for two hours under the conditions shown in Tabic 1 . thereby obtain* an a—. 

The thickness of the obtained aetuator was measured widx a micrometer. The 
sintered body -as cut and to cross section was observed b, EPMA. and d,e ^Oiuuive 
.events of Pb. T, and Zr in *e inside of the Mentioned substrate were made 
te find a composition ratio Pb/CTi+Zr). Then, a difference in d,e composition muus 
20 between the surface of the pie^cctric ceramic layer and the inside of the substrate was 
calculated* 

After the sintered body was cut and its cross section was processed into a 
^.finished surftcc. this was observed with a microbe and the are, of pores wi*in 
a predetermined area was found to calculate porosity. Dy resonance method with use of 
25 m ^pedanee analyzer, ten locations in the mixror-Hniahed surface were measured, and 
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. . ,1 l.roest value of die difference between cdi-n 
lirIie To obuun Utc variation. Die large* value o 

was expressed by percentage. 
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As u, Sample N„s. ,-2 U, MS, HI U. 1-19 and 1-21 U, t-25 uf the pmscnl 
Mta. d„ was 200 pm/V or more, and the displacement variation was 2 % or less. 
ta da»e values, it was eoar.ra.ed d,at U.ey caa satisfy tuuelio,, as an Inkjet 
priuter. 

„ Whereas in Sample No. M in which Pb whs prepared « » slmcKomemc 

.oa.pusif.oa, d.e maximum value of eua.pusiuoa nuio Pb/CTH-Zr) was as B reat as 0.04. 
so dial d„ was as low as 190 pm/V, and Ihe displacement variation was as great as S %- 
,„ Sample No. 1-1 6 mat was as .real as , 50 ,x m in the acU^. thickness, d„ was as low 
as 150 pm/V. resultii^ insufficient characteristics as U.e printing head of an iakjei 

10 Printer. In Sample No. 1-20 itmt was as ureal as 0.035 in the maximum iKflbnsncs of 
composition mtio Pb/CTi + Zr) beeau.se its sintering tempcralun: was as high as latfR. 

Uie displaceiiieril vaiiaiiuii was as grcai as 5.5 %. 

EXAMPLE n 

Each of raw material powder or P.^, 7sO* TiO„ BaCO,, 7.nO, SrC.O,, Sh,0» 
15 Ni0 and TcO, which were high purity as raw material powder, was weighed in a 
predetermined amount so as to be a eo.nposiiion show,, in Table 2. and excess Pb was 
added to this composition. The compositions o f Table 2 indicate U.e a.o.e numbers or x, 
y, a. b and c in a general formula: Pb, , y SrJ3a,(Zn, fl Sb in ).CNi, n Tc H3 )^,^Ti e O, 

Sample No. 11-25 used BaTiO,. 
20 The prepared powder was mixed in wet process with a ball mill for 20 hours. 

Thereafter, the mixture was dewatered and dried. Tins was da:,, calcined at 900*: Tor 
three hours. The obtained calcined matter was crushed twice in wet process wid. a ball 
mill. 

Subsequently, an organic binder, water, disperse and plastieizcr were added 
26 to the crushed matter and mixed to obtain slurry. A green sheet taking its shrinkage 
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, .1 . duckuess after filing h** ^ 
pacenlaep inu, eunrfddndioa sad. dud d* duress 

• t*m* 2. -was prepared in roll coaler process. 

mTaW ^ , ^ , ieetwas readied out ia a rectangular shape by u S1 ng a 

The obtained green sheet w<i!. uicu 

■ . ^ wc re prepared. Subsequently, a common 
mold, and a Plurality of rectangular sheets «ere prep 

,. Jtn «rh of the rectangular sheet surfaces 

«. « to - — — « *- * " * - * 

Opes of M>» ..^l^ *.«*»»»<>. •"•<»' 

•—•—'»•»-*—• —jrfjon was measured with EPMA by 

H„ sbovs-sncmW compo.rt.sn vmrohoo "» mossotoo 

comparing the amounts of Pb. Zs sod Ti with Hist of an internal — -a 

26 ^ .moon* of rh, .ondTi worn — - — — — 
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a*— hy — ng — — " - — — 

X-ray diffirnnrion, inlo Ihe following equation: 
lAf-h'+k'+CuAO'rV 

xn addmon, d sl -r*. — r w* s «— * — — ^ - ° 

« « «>« measured by using die density "I 
an impedance analy~-r. Klastic cnmphance w >" »«=^ 

the sintered body and resonance frequency. 

^ m rf an in a passage rnemher and a pnnl.ing heart as 
Near, the neniafor was honded In a pa.ssa B 

1 Tt,^l«w.slatic capacities helure and after bonding 
shown in Fig. «M was,prepared. The eleUn.Matu. P 

Then The after-bonding value against The 
10 were measured wlrh the impedance analyser. Then, me < 

1 1 . .«-„-,-,iiii«ts Table 2 shows die results. 
IB and die result was expressed by percentage. iau 
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As ro Sample « U, «. n-7 U, n-IO IM. U, .»» of me present 

^ - - or *— - as % or less. *. — 

WV, cre .s u, Sample No. TT-1 in which d. laUiec — „* * - * 

ewe - or *_» -—r — — - »* - * ^ 

No « U. "hich fe**. constant ratio Ca was „~ 0. 1-016. ». — 

TllSal „ P , cN o.Tl-1^^^ 

■I ^ , 0 mn Tins was impracdcable as an acLuan.r. particularly an 
umutinl was as small as 2Q tun. ■ ■»••» 

actuator used for pontine bead. 

I„ Sample No. H-25 ^ a ^ not — n, Ph and 

uctuaior. particularly w actuator used for priming head. 

EXAMPLE HI 

a*^-—,-— "A-^ 1 ^ "•cc.z.o.s.co.sb.o,. 

K.0 - W).-** — — — — " "** V 

. . • undv became a composition expressed by Pb,. 
20 predetermined amount such that a smtercd body became 

-nr. fe-0 04 v=0.02, a-0.075. b-0-75. and 
^r.Ba J (Zn 10 Sb M ).(Ni in (x-0.04. y 

; 0 45). To this compost excess Pb was added and mixed in wet process w.th a 
W .01 for 20 hours. After the mixture *,as dewatered and dried, this was calcined at 
700 to 900^C for force hours. The obtained calcined matter v«s crushed twice m wet 
25 process with a ball null or the like. 
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Subsidy, an organic *** water, oispersant - «■"**- — 

. a. «-* — - - — » — • *"* A tepc ^ & ^ ° f 30 

— in ... coaterproecss. M-^.*-— 

accede, each having a thiclmcss of Sun, — *— on *c upper and W~ 
, ^ of d,e tape by printing - * " — «»» — " ^ 

pu 70-30. The, a tape or c^. -a a tape a,. has *. upper -d 

^ ^ elides serving as I — * — - a — 

ugl.ta.ed al pressure or UMpa, d.ereb, obtaining a la.nn.uU:. 

Finally, aOur d* larninaUal molding h„«!y was debindered a, «ng -S 

roov n Pur five Injurs. Uiereby obtaining an 
carried out at UOO^C in an aUnospbere or 99/. 0 2 Tor five urs. 

actuator subsLraLe. 

Afta cutting the Obtained actuator and grinding Us cross section, d. enure 

» oca ani.*-^— 

^.processed into atir^m^ surrace. U was observeu win. a microscope, aad Ore 
^ of pcrc, ^thin a predetermine* area was found to caiculate its porosis. 

The actuator was Joined to a passage member, and an h*i« printing bead- 

* was carried ouL by using epoxy 

5 hown in Figs. 2(a) and 2(b) was prepared. B.ndn.g wa> carr 

20 adhesive as adhesive, at ISO'S under applied pressure of 1 MPa. 

By resonance method with an impedance auuly,er. d,, at ten locations .n the 
^ ^ the passa^ member were reared, and its mean value was calculated. 

Next, an AC electric field of 0 to 20V was impressed at a frequency on 0 KH» 
te the inlcict printing head, and the displacement amount of me displacement elements at 
2B te „ location were measured by a laser Dopp.er displacement meter, and its mean value 
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Table 3 




11L-1 

m-2 
nr-3 
ra-4 
nt-5 

TTT-fi 

m-7 

m 111-8 
ffl-9 

nr-io 
nr-M 

H-12 

m u 

Jll-lb 
»ffl 16 



Jll-17 

m-18 
m-19 
nr-zo 



H-22 

in-23 



5 
10 
20 
43 
60 

an 

100 
150 
20 
20 
20 
20 
70 
20 
20 
20 



20 
20 
20 
20 



20 
20 
20 



1 
1 
1 
I 
1 
I 
1 
1 

OA 
0.5 
0.8 
1 
? 
3 
b 
7 



0.8 

0.7 
0.9 
0.7 
0.6 
0.B 
0.0 
0.9 
0.6 
0.9 
0.7 
0.7 
O.ft 
0.7 
0.9 
0.0 



0.3 
0.5 
1.0 
2.0 



0.7 
0.7 
0.7 



5 
5 
5 
3 
7 

10 



300 
265 
280 
260 
260 
775 
200 
150 
270 
275 
7.B0 
286 
780 
27S 
270 
200 



300 
290 
270 
200 



290 

2H0 
275 



1.5 
1.5 
13 
1.5 
1.5 
t 5 
1.5 

L5 
1 

i.i 

1.7 
1.6 
1 fi 

z 

2,5 
3 



1 

1.5 
1.B 
3 



1.3 
1.8 
2 



72 
72 
71 
71 
71 
71 
70 
48 
70 
70 
71 
71 
77 
72 
74 
74 



2 
71 
71 
70 



72 

n 

70 



1.3 

1 Jj 
13 

1.5 
1.6 
I fi 
1.7 
1.7 

10 
1.1 

1. 3 

yjs 

1.7 
2 

2.6 
14 



1.1 
1.3 
1.6 
2.S 



1.2 
1./ 
1.9 



2 
3 
2 

2 
2 
3 

J_ 
14 
5 
? 
1 
1 
2 
4 

12 



1 
1 

2 
3 



1 
3 
5 



Samp* number, marked wtth * arc no. within the scope oF the present invention. 

. m Sample Nos. 111-1 to 111-7, 111-10 to 111- 15 and 111-17 to 111-23 of the present 
invention, d„ was 200 pm/V or more, the displacement of vibrated element (mean value) 
was 70 nm or more, the displacement variation of the vibrated element was 2.8 % or less, 
and the displacement of the adjacent clement was 5 nm or less. 

Whereas in Sample No. ill- 8 in which the entire thickness of the actuator was 
over 100 fi m, d, was as small as 1 50 pm/V, and the displacement of the vibrated element 



was as sr"** 1 * as 48 um. 
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to of Sample No. JTO-9 * — • «— < " f *» — « ™" 



was 



more, and die displacement ufdie adiaeetil element was as great as 12 inn- 
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